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The in vivo synaptic plasticity mechanism of EGb 761-induced

enhancement of spatial learning and memory in aged rats
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1 It has not been uniform to date that the Ginkgo biloba extracts enhance cognitive function in aged
animals, and the mechanisms of action remain difficult to elucidate. In this study, the Morris water
maze task and electrophysiological methods were used to study the effects of repeated daily
administration of EGb 761, a standardized extract from G. biloba leaves, on hippocampal-dependent
spatial learning and memory and synaptic plasticity of aged rats.

2 The adult subjects perform the Morris water maze task better than aged rats, as a cellular
mechanism, the hippocampal long-term potentiation (LTP) elicited from adult animals is robust
(139.29+2.7%).

3 In addition, the spatial learning and memory of aged rats that had been fed on an EGb 761-
supplemented diet (60 mgkg™") for 30 days were significantly better than those of control aged rats.
The magnitude of LTP (116.63 +3.6%) recorded in vivo from the hippocampus CA1 area of aged rats
was significantly enhanced by EGb 761 (60 mgkg™").

4 In conclusion, the spatial learning and memory of aged rats is worse than that of young subjects,
and EGb 761, acting as a ‘cognitive enhancer’, has benefit on synaptic plasticity and cognition in aged
rats. The present data further confirmed that enhancement of synaptic plasticity of the hippocampus

might ameliorate the deficit in spatial learning and memory in aged rats.
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Introduction

Ginkgo biloba leaves have been used for the treatment of
respiratory system disease since hundreds of years in China.
In recent decades, the pharmacological actions of EGb 761,
a standardized extract of G. biloba leaves, were widely studied
for its effects on cerebral vascular insufficiency, cognitive
deficits and Alzheimer’s disease (AD) (Le Bars, 2003; Muller &
Chatterjee, 2003; Gertz & Kiefer, 2004). Although the results
from clinical trials examining the efficacy of EGb 761 in AD
were equivocal, animal experiments demonstrated obvious
effects of EGb 761 on the central nervous system. Data
revealed that EGb 761 improved cerebral dysfunction includ-
ing, among others, mood disorder and anxiety. However, the
effects of EGb 761 on memory have not been uniform, with
different results coming from different labs. In most studies,
radial maze tasks, avoidance tasks, operant conditioning and
delay response tasks were used to explore the effect of EGb 761
on cognitive functions. It was found that EGb 761 facilitated
learning in both young and old rodents (Winter, 1991; 1998;
Cohen-Salmon et al., 1997; Walesiuk et al., 2005). However,
Stoll et al. (1996) reported that the long-term memory in a
passive avoidance task of aged female NMRI mice was not
improved by 3 weeks of daily treatment with EGb 761

*Author for correspondence; E-mail: caijx(@post.kiz.ac.cn

(100mgkg™"). Additionally, ‘learned helplessness’, shock-
suppressed licking, forced swimming-induced immobility,
shock-suppressed exploration, spontaneous exploration, food
consumption in a novel situation and the passive avoidance
test were used to investigate the effects of EGb 761 on anxiety
behavior and memory of rats and mice by Porsolt and his co-
workers. The results showed that repeated administration of
EGB 761 (50 and 100mgkg 'day™') induced anxiolytic-like
activity; however, the performance of the passive avoidance
task and the animals’ response to electric shock were not
affected (Porsolt et al., 1990). To clarify the data, it is
important to carry out more studies of EGb 761 on the
cognitive function of aged animals.

The pharmacological mechanisms of EGb 761 are to date
unclear. Most studies indicated that EGb 761 is an antagonist
of platelet-activating factor (PAF), and a free-radical scaven-
ger; it inhibits lipid peroxidation and, in turn, increases cell
membrane fluidity (Szabo et al., 1992; 1995; Ahlemeyer et al.,
1999; Bastianetto et al., 2000; Drieu et al., 2000; Eckert et al.,
2003). A study of the pharmacological mechanisms of EGb
761 showed that it produces reversible inhibition of rat brain
monoamine oxidase (MAO). Our lab found that an extract of
G. biloba leaves reversed the alpha-2 adrenoceptor antagonist
yohimbine-induced spatial working memory deficit in adult
rats (Zhang & Cai, 2005). Recent studies indicated that EGb
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761 upregulated the expression of several genes, such as
AMPA and chloride channel proteins (Watanabe et al., 2001),
and the synaptic plasticity in hippocampal slices of aged mice
was improved by EGb 761 (Williams et al., 2004).

In the present study, we confirmed the effects of EGb 761 on
the spatial learning and memory of aged rats, and revealed that
the mechanism was related to enhanced synaptic plasticity
in vivo of the hippocampus.

Methods
Animals

Experiments were carried out on 12- to 13-week-old (adult)
and 74- to 78-week-old (aged) male Wistar rats (inbred strain,
Animal House Center, Kunming General Hospital, Kunming,
PR China). The aged subjects were randomly allocated to a
control (VEH) group (n=38), a 30mgkg~' EGb 761-supple-
mented diet group (n=8) or a 60mgkg~' EGb 761-supple-
mented diet group (n=38). The adult animals were assigned
as a young control (Y-VEH) group (n=8). Rats were fed
in separate home cages and were given free access to water
in an established house having a 12:12h light/dark cycle and
thermoregulated environment. The experiments were con-
ducted according to the guidelines for care and use of animals
approved by the Chinese Academy of Sciences, China.

Drug administration

EGD 761 powder, commercially available, was produced by the
Dr Willmar Schwabe Group (Germany) using a validated
production process (Biber, 2003). Its pharmacologically active
constituents, ginkgo flavone glycosides and terpene lactones
(gikgolides and bilobalide), are 24 and 6% (3.1 and 2.9%),
respectively. The concentration of ginkgolic acids is below
Sp.p.m. The constant production process also maintains the
concentrations of other constituents such as proanthocyani-
dins (7%), carboxylic acids (13%) and non-flavone glycosides
(20%). Standard animal chow pellets and powder were
purchased from the Institute of Medical Biology, Chinese
Academy of Medical Sciences and Peking Union Medical
College. Food powder was blended with water and made into a
steam-cooked ‘bread’. After cooking, a 30 or 60 mgkg~' body
weight dose of EGb 761 for individuals was added and knead
into each piece of steamed bread. EGb 761 was distributed
uniformly throughout the bread as could as possible by
kneading, and then the experimental food was shaped into
pellets for animals in the EGb 761 groups. The steamed bread
without addition of EGb 761 was the control food pellet for
both the control animals (VEH and Y-VEH group). Animals
were individually fed with the pellets at 08:00 hours every day
for 30 days. After the animals had consumed all the steamed
bread, the standard pellets were supplied to the animals until
22:00 hours. All animals were treated in this way for 30
consecutive days.

Cognitive test
The Morris water maze was similar to that described

previously (Yang et al., 2003). Briefly, the water maze was a
circular pool (250 cm in diameter) filled with water (25+1°C)

to a depth of 20cm, and the water surface was covered with
floating black resin beads. Yellow curtains were drawn around
the pool (50cm from the pool periphery). Swimming traces,
escape latencies and distance traveled were monitored by an
automatic tracking system. Following repeated daily adminis-
tration of EGb 761 for 30 days, a behavior test was conducted.
During the water maze behavioral testing period, either the
EGD 761 pellets or control pellets were available to the animals.

Experiment 1, the effects of EGb 761 on spatial learning and
memory using the classic Morris water maze task (Morris
et al., 1982): a submerged Perspex platform (13 cm x 13 cm and
1.5cm below the water surface) was placed in the center of
a quadrant (‘quadrant I’). Animals were placed into the water
at different starting positions, which were equally distributed
around the perimeter of the maze, in a semirandom order,
for the training of animals to find the hidden platform. The
time spent by animals to find the platform was called ‘escape
latency’. If an animal failed to climb onto the platform
within 120, it was manually guided onto the platform. After
the animal climbed on to the platform, it was allowed to
remain there for 15s. At the end of each trial, the animal was
dried and put back into its home cage for 60s before the next
trial began. Four trials comprised a session, and two sessions
per day were performed with a 2h interval. The criterion of
successful performance was designed for the animal to find the
submerged platform in 30s. The training process was ceased
if the animals reached the criterion or experienced up to 4
training days. At 24 h after the training process, a probe test
was given that consisted of a 180 s free swim period without the
Perspex platform. The animals were put into the maze from
the staring point opposite to the platform.

Experiment 2, the effects of EGb 761 on repeated-reversal
spatial learning and memory with a Platform-switched Morris
water maze task (Jankowsky er al., 2005): the day after
experiment 1 was performed, the animals were subjected to
a ‘platform-switched learning’ (PSL) task for 3 days. The
submerged platform was placed in the center of quadrant II
(opposite to quadrant I) during the first training day, and
transferred to the center of quadrants III and IV on the second
and third days, respectively. Two sessions per day, as described
in experiment 1, were given for training the subjects to find the
hidden platform that was positioned at new locations.

Experiment 3, the effect of EGb 761 on visual acuity: during
the next day after experiment 2, the animal was given a visual
acuity test (VAT). The animal was required to perform eight
consecutive trials in a training day, and the swimming starting
position at the perimeter of the maze was varied quasi-
randomly during the training. The location of an elevated
platform, which had a visible mark in the maze, was varied
quasi-randomly from trial to trial.

Electrophysiology

Electrophysiological recordings were carried out 24-72 h after
the behavioral test, during which EGb 761 was not adminis-
tered. The method, including the surgical procedures, has been
described in detail previously (Xu et al., 1997; Yang et al.,
2004). Experiments were carried out under pentobarbitone
sodium (50-60 mgkg~', i.p.) anesthesia and core temperature
was maintained at 3740.5°C. Animals were ventilated with
95% 0O, and 5% CO,. Recordings of the field excitatory
postsynaptic potential (fEPSP) were carried out from the CA1
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stratum radiatum of the hippocampus in response to ipsilateral
stimulation of the Schaffer collateral/commissural pathway.
The electrode implantation sites were identified using stereo-
taxic coordinates. Two stainless steel screws (1.5 mm diameter)
were inserted into the skull through a drill-hole, without
piercing the dura. One served as a ground electrode (7 mm
posterior to bregma and Smm left of the midline), the other
served as the reference electrode (8§ mm anterior to bregma and
I mm left of the midline). Recording and stimulating electrodes
were glued together with a pair of twisted Teflon-coated 90%
platinum/10% iridium wires (50 um inner diameter, 75um
outer diameter, from World Precision Instruments, Inc.,
U.S.A.). The recording electrode was inserted ~3.5-4.0 mm
posterior to bregma and ~2.5-3.0mm right of the midline,
and the stimulating electrode was inserted ~4.3-4.8 mm
posterior to bregma and ~ 3.5-3.8 mm right of the midline in
the aged rats. The optimal depth of the electrodes in the
stratum radiatum of the CA1 area of the dorsal hippocampus
was determined using electrophysiological criteria and was
verified by postmortem examination (Leung, 1979). In all
experiments, test fEPSP was evoked by a square wave of
constant current pulse 0.1 ms in duration, with a frequency of
0.033 Hz and intensity adjusted to induce an fEPSP amplitude
~50% of the maximum response. A high-frequency stimula-
tion (HFS) protocol for inducing long-term potentiation
(LTP) consisted of 10 trains of stimulus with 20 pulses at
200 Hz. The inter-train interval was set at 2s. The LTP was
measured as mean+s.e.m. Percentage of the baseline EPSP
amplitude was recorded over at least a 40 min baseline period.
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Statistics

Data were presented as mean +s.e.m. Significance level was set
at P<0.05. Student’s r-test was used to estimate whether there
was LTP after HFS stimulation in each group of animals
(Microsoft Excel). Multigroup behavior data and electrophy-
siological results were evaluated by ANOVA with Newman—
Keuls post hoc test (SPSS13.0).

Results

Effects of EGb 761 on spatial learning and memory using
the classic Morris water maze task

As shown in Figure la, the escape latency of the aged rats
(VEH) was significantly longer than that of the young animals
(Y-VEH) in session 2, 3 and 4 (P<0.01), analyzed using
Student’s z-test. The aged subjects failed to reach the criterion,
but the young rats reached the criterion after 2 days of
training. As the swim speed of the young rats was significantly
faster than that of the aged animals (Figure 1b, P<0.05,
P<0.01; Student’s -test), the distance was also analyzed to
evaluate the difference of learning and memory ability between
the young and aged animals. As shown in Figure 1c, the aged
subjects traveled a significantly longer distance than the young
rats in session 2, 3 and 4 to reach the platform (P<0.01;
Student’s r-test). In the probe test, the time spent in the target
quadrant (TA) of the Y-VEH was significantly longer than in
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Figure 1 The spatial learning and memory was impaired concomitant with aging in the classic Morris water maze tasks. (a) The
escape latency in the Morris water maze of Y-VEH adult rats (n=28) was shorter than that of the VEH aged group (n=38)
(*P<0.01). Animals in the VEH group did not reach the criterion for finding the platform in 30s. (b) The swim speed of VEH aged
animals was significantly slower than Y-VEH rats (*P<0.05, P <0.01). (c) The distance of Y-VEH adult rats was shorter than that
of the VEH aged group (n=8) (*P<0.01). (d) The time spent in the OP of Y-VEH animals was significantly shorter compared with
that in the TA on the probe test day in which the platform was removed from water maze (*P <0.05), and the searching time at TA
of Y-VEH animals was also significantly longer than that of VEH aged rats (*P<0.01). The data were presented as mean +s.e.m. of

each session.
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the opposite quadrant (OP) (Figure 1d, P<0.05; Student’s
t-test) and the other two quadrants (data not shown), but there
was no difference in the time spent by aged rats spent in all the
four quadrants, which was consistent with the result showed in
Figure la and c. Student’s r-test reveal a significance in the
time spent in the TA between Y-VEH and VEH animals
(P<0.01). Taking together the above data, it was indicated that
the spatial learning and memory of aged rats was indeed poor
than young subjects. As the swim speed in the Morris water
maze was significantly different between young and aged rats,
the data of the young rats were not taken together in the
following analysis about the results of the other behavioral tasks.

Administration of 60mgkg~', but not 30mgkg~', of EGb
761 significantly improved spatial learning in aged animals. As
shown in Figure 2a, the escape latency of animals treated with
60mgkg~' EGb 761 group was significantly shorter than
that of VEH animals on training day 3 (F(,,;,=3.68, P<0.05;
Fo2,=6.89, P<0.01) and day 4 (Fp.,=3.36, P<0.05;
Fooy=7.13, P<0.01). Animals administered 60mgkg "
EGDb 761 reached the criterion after 4 days of training, but
VEH animals did not reach the criterion after the same train-
ing process. The escape latency of animals in the 30 mgkg~'
EGDb 761 group showed no significant difference as compared
with VEH animals on all training days (F;,;,=0.14-1.63;
P>0.05). The swim speed of aged rats did not show significant
differences between the VEH, 30mgkg ' and 60mgkg™!
groups during all training days (P>0.05 compared with
VEH; Figure 2b). So, the distance of animals treated with
60mgkg~' EGb 761 group was significantly shorter than that
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of VEH animals on training days 3 and 4 (Figure 2c). In the
probe test, the animals in the 60mgkg~' EGb 761 group
showed a longer search time in the TA than did the animals
in the VEH group (F(,,,=3.53; P<0.05; Figure 2d), and the
search time in the OP of animals given 60 mgkg~' EGb 761
was significantly shorter than that of the TA (n=8; Student’s
t-test: P<0.01). However, 30mgkg~"' EGb 761 did not pro-
duce this effect (F5,,=0.18; P>0.05; Figure 2d). Addition-
ally, there was no significant difference about the time spent in
the other two quadrants compared across the treatment groups
(data not show). The effects of EGb 761 on spatial learning
and memory showed a dose-dependent pattern.

Although the animals were randomly assigned to the
treatments to minimize the pre-existing factors, we further
addressed this issue by analyzing the data of the first trial.
The latency of Y-VEH, VEH, 60 and 30mgkg' EGb 761
group was 100.56+12.3, 104.22+12.0, 101.96+10.9 and
101.69+ 11.1, respectively. There is no significant difference
in the latency (as well as the travel distance, data not shown).

Effects of EGb 761 on repeated-reversal spatial learning
and memory in the platform-switched Morris water maze
task in aged rats

All groups were examined with the PSL task, which revealed
that oral administration of EGb 761 markedly improved the
performance of PSL task in aged rats. The escape latencies of
animals in the 30 and 60 mgkg~' EGb 761 groups were shorter
than that of animals in the VEH group on all training days
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Figure 2 Repeated daily administration of EGb 761 improved the spatial learning and memory in the classic Morris water maze
tasks in aged rats. (a) The escape latency in the water maze of animals administered EGb 761 at a dose of 60mgkg~" (n=38), not
30mgkg ' (n=8), was shorter than that of the VEH group (n=38) (*P<0.05, **P<0.01 vs VEH). Animals in the VEH group did
not reach the criterion for finding the platform in 30s. (b) The swimming speed of aged animals was not affected by EGb 761
(P>0.05). (c) The distance of EGb 761 (60mgkg~") group animals was significantly shorter than that of VEH animals on training
days 3 and 4 (*P<0.05, **P<0.01 vs VEH). (d) The searching time of EGb 761 (60 mgkg~") group animals was significantly longer
in the TA than that in the OP on the probe test day in which the platform was removed from water maze (P <0.01), and the
searching time at TA of EGb 761 (60mgkg~") group animals was also significantly longer than that of VEH animals (*P <0.05).

The data were presented as mean +s.e.m. of each session.
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Figure 3 Improvement of repeated-reversal spatial learning and
memory in the Platform-switched Morris water maze task by EGb
761. (a) Animals administered either 30 (n=28) or 60mgkg™" (n=28)
EGb 761 spent less time finding the location of the switched
platform than control animals (*P<0.05, **P<0.01). (b) EGb 761
did not affect the motor activation of aged rats as the swim speeds of
the VEH and EGb 761 groups showed no significant difference
(P>0.05). The data were presented as mean +s.e.m. of each session.

(Fep=3.02, P<0.05; Fp,y=11.48, P<0.01; Figure 3a).
There were no significant differences in swim speeds of animals
in all groups on any training day (P>0.05 compared with
VEH; Figure 3b). This result suggests that EGb 761 improved
the flexibility of higher brain function of aged rats.

Effects of EGb 761 on the visual acuity task in aged rats

The visual acuity of aged rats was not affected by either dose
of EGb 761. As shown in Figure 3, there were no significant
differences in the escape latency of animals in all groups in any
training trial (F,159)=0.52; P>0.05; Figure 4).

Effects of EGb 761 on synaptic plasticity in the
hippocampus CAl area of aged rats

To examine the effects of EGb 761 on synaptic plasticity in the
hippocampus CA1 area of aged rats, the HFS was used for
inducing the LTP in vivo. There was a large LTP induced by
HEFS from the hippocampus of Y-VEH rats (139.29+2.7% of
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Figure 4 The visual acuity of aged rats was not affected by EGb
761. The time spent finding a visible marker platform did not show a
significant difference between the VEH (n=8) and EGb 761 groups
(n=16) (P>0.05). The data were presented as mean +s.e.m. of each
trial.

baseline 50min after HFS, n=>5, Student’s r-test: P<0.01
compared with baseline; Figure 5a), but HFS failed to induce
the LTP from the hippocampus of VEH animals (101.11+
2.3% of baseline 50 min after HFS, n=135, Student’s ¢-test:
P>0.05 compared with baseline; Figure 5b). Student’s #-test
revealed a significant difference in the LTP induction between
the Y-VEH and VEH animals (P<0.01). HFS could success-
fully induce a robust LTP from the hippocampus of rats in the
60mgkg~' EGb 761 group (116.63+3.6% of baseline, 50 min
after HFS, n=06, Student’s r-test: P<0.01 compared with
baseline; Figure 5c). There was no improvement in hippo-
campal fEPSP after HFS delivery in animals administered the
30mgkg ! dose (97.98+4.2% of baseline, 50 min after HFS,
n=15, Student’s t-test: P>0.05 compared with baseline;
Figure 5d). The data show that repeated EGb 761 adminis-
tration significantly enhances the hippocampal LTP of aged
rats at the 60mgkg ', but not the 30mgkg " dose (F.13=
10.12; P<0.01: 60mgkg™' EGb 761 group compared with
VEH group; P>0.05: 30mgkg' EGb 761 group compared
with VEH group).

Discussion

The present data demonstrate, for the first time, that EGb 761
ameliorates deficits in spatial learning and memory of aged
rats in the Morris water maze. It is well known that the spatial
learning and memory of aged rats is worse than that of young
rats (Ye et al., 2000; Topic et al., 2002). The present data from
the classic Morris water maze task show that the VEH animals
could not reach the criterion of finding the submerged
platform in 30s after undergoing 4 days of ‘extensive’ training
(total 32 training trials), but the Y-VEH rats could reach the
same criterion after 2 days of training. Although the Y-VEH
rats swim faster than VEH animals, the VEH aged rats yet
traveled longer distance to reach the platform than Y-VEH
adult rats. The impairment effect of aging was likewise
reflected by the different time spent in the TA between the
VEH and Y-VEH animals in the probe test. In the present
study, the EGb 761 60 mgkg~' group animals could reach the
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Figure 5 EGDb 761 enhanced the augmentation of hippocampal
LTP in the CA1 area of aged rats. (a) The LTP of the hippocampus
of Y-VEH adult rats was large compared with baseline after HFS
(139.294+2.7%, n=5, P<0.01, down triangle). (b) The changes of
hippocampal fEPSP of VEH aged rats were unreliable after HFS
compared with baseline (101.11+2.3%, n=3, open square). (c) The
LTP of the hippocampus of aged rats in the EGb 761 (60 mgkg™")
group was obvious compared with baseline after HFS
(116.63+3.6%, n=06, P<0.01, down triangle). (d) The magnitude
of hippocampal fEPSP in the EGb 761 (30mgkg™') group showed
no significant changes compared with baseline after HFS
(97.98+4.2%, n=5, up triangle), and there was no significant
difference between EGb 761 (30 mgkg~") and VEH in the amplitude
changes of fEPSP following HFS (P>0.05 vs VEH).

criterion after 4 days of ‘extensive’ training, and their search
time at the TA was significantly longer than that of the OP
when the platform was taken away following the 4th day of
training. There was a significant difference in search time at
TA between the EGb 761 60mgkg™! group and VEH group.
In the repeated-reversal PSL task, the aged rats must learn
new information and eliminate previous experience to find the
platform that was repeatedly changed daily. The aged rats in
the 30 and 60 mgkg~' EGb 761 groups needed a much shorter
time to find the location of the changed platform than the aged
rats in the VEH group. In this task, the rats not only need
the spatial information but also a strategy to modulate the

behavior, which might be a reason for 30mgkg~' EGb 761
to have an efficacy on cognition in PSL but not in classic
Morris water maze task. Although Fies & Dienel (2002)
reported that EGb 761 altered vision and motor function, in
the current study, escape latency in the visual acuity test and
swim speed in the Morris water maze experiments were not
affected by EGb 761 at the 30 and 60 mgkg~' doses. Therefore,
we believe that EGb 761 acted directly on learning and
memory functions. Our data support the position of Winter
E. (1991), Winter J.C. (1998) and Cohen-Salmon et al. (1997)
that EGb 761 is a ‘cognition enhancer’.

Several studies have demonstrated, both in vivo and in vitro,
that NMDA receptor-dependent LTP of the CAl area of the
hippocampus diminishes in aged rats (Norris et al., 1996;
Lanahan et al., 1997; Rosenzweig & Barnes, 2003; Xiong et al.,
2004), and synaptic plasticity, neuronal network dynamics
and hippocampal-dependant cognitive functions of aged rats
become worse. Our data further demonstrated that the
synaptic plasticity was changed concomitant with aging. As
the reduction of LTP has been extensively postulated as a
cellular and molecular base for the deficit of spatial learning
and memory in aged animals, our data show, for the first time,
that the deficit in hippocampal LTP of aged rats that had
repeated daily doses of EGb 761 was ameliorated in vivo, and
as a result, the deficit in spatial learning and memory could be
rescued. Similarly, Williams & his colleagues (2004) found that
EGDb 761 enhanced the augmentation of hippocampal LTP
in vitro. However, there are differences between these studies in
the magnitude of LTP in aged animals. Williams and his co-
workers elicited a large LTP on the slices of hippocampus in
aged mice, but we did not find LTP from the CA1 area in aged
VEH rats. The contrasting results might relate to the different
protocols for eliciting LTP. Some studies documented a shift in
LTP from NMDA receptor-dependent mechanisms to voltage-
dependent calcium channel (VDCC)-dependent mechanisms;
even the magnitude of the compound LTP in vitro showed no
difference between young and aged animals (Shankar et al.,
1998). Recent studies showed that there was a deficit of in vivo
LTP induction in aged animals with population spikes or
fEPSP (Xiong et al., 2004). The protocols used to elicit LTP
differ between these in vivo and in vitro experiments, and
different protocols could induce different forms of LTP. The
protocol used in the present study was same as that of Xiong
et al. (2004), and consistent with his results, we did not induce
in vivo LTP from aged VEH rats using that protocol. Never-
theless, together with findings from Williams et al. (2004), it
can be concluded that EGb 761 enhanced hippocampal LTP in
the CALl area of aged rodents in vitro and in vivo.

In this study, our data further indicate that the spatial
learning and memory is deficit in aged rats. There is a robust
in vivo hippocampal LTP elicited by HFS from adult rats, but
the hippocampal synaptic plasticity was changed in aged
animals. Interestingly, EGb 761 (60mgkg™") significantly
increased the in vivo hippocampal LTP in aged brains, and
as a result, the deficit of spatial learning and memory of aged
animals might be ameliorated.
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